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Appl. Mo. 10/809,773 
Amendments to the Ctaims 

This listing of claims will replace all prior versions in the application. 

1 . (currently amended) A method for improving at least one of a surface 
finish and a surface integrity of a workpiece formed or shaped with a tool, the workpiece 
having a surface hardness, comprising increasing the surface hardness of the workpiece 
during forming or shaping of the workpiece with the tool by jetting cryogenic fluid from a jet of 
the cryogenic fluid at at least a portion of the tool at an impingement angle (a) greater than 
about 30 s and less than about 90 9 , and then said cryogenic fluid impinges the workpiece at a 
spread angle (p) wherein the__spread angle (6) is such that the cryogenic fluid impinges at 
least the entire lenath of contact between the tool and the workpiece . 

2. (canceled) A method as i n cla i m 1 wherein th e s pread ang le (p) i s 
euoh that the oryogon i c fluid imp i nges at loact tho ontiro longth of contact botwoon tho too l 
a nd the workp i ooo. 

3. (Previously Presented) A method as in claim 1, wherein said method 
further comprises the step of impinging at least a portion of said workpiece or at least a 
portion of said tool with cryogenic fluid from a second jet of cryogenic fluid. 

4. (Canceled) A method as i n claim 3, whoroin tho jot of tho oryogonio 
f l uid impingoo on tho portion of tho tool at an imp i ngemont -att g te- foft - groator than about 0* 
and loco than about 00 g . 
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5. (Canceled) A method - ao in ola i m 3, whoroin tho jot of the oryogon i G 
flu i d imp i nges on the portion of tho tool at an -i mp i ng e ment ang l e { eft groator than about 30 - 
and loss -t han about 00°. 

6. (Previously Presented) A method as in claim 1, wherein the jet of the 
cryogenic fluid impinges on the surface of the workpiece at a spread angle (p) greater than 
about 0* and less than about 180 9 . 

7. (Canceled) A mothod for i mproving at least one of a surface f i nish and 
a surface integrity of a workpio c o formod or shaped w i th a too l , tho - wQ f kp i oco hav i ng a 
Gurfaoo hardness , comprising increasing th e surface hardness of - tho - weykp i coo -prior to 
forming or shap i ng tho workpioo e w i th the too l , or pr i or to and during form i ng or shaping of 
the workpiooo w i th tho too l . 

8. (Canceled) A mothod ao in olaim 7, whoro i n tho ourfaco hardnooo of 
tho workp ie c e is i ncreased by at loact ono of a hoat troatmont, a ohomical troatmont, and a 
mochan i cal tr e atment. 

9. (Previously Presented) The method ot claim 1 wherein said tool is a 
cutting tool comprising a rake face, and said at least a portion of the tool is at least a portion 
of the rake face, 

10. (Original) A method for improving at least one of a surface finish and a 
surface integrity of a workpiece formed or shaped with a tool, comprising the steps of: 

providing a supply of a cryogen; 

providing a nozzle adjacent the workpiece, the nozzle having 
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at least one inlet adapted to receive a flow of the cryogen r 
an upstream portion in fluid communication with the at least 
one inlet, the upstream portion adapted to receive at least a portion of 
the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communication with the upstream 
portion and adapted to receive at least a portion of the flow of the 
cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 
portion and adapted to receive and transmit from the downstream 
portion at least a portion of the flow of the cryogen; 
delivering a portion of the cryogen to the at least one inlet of the 
nozzle, wherein the cryogen is at least partially separated within the 
downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

jetting at least a portion of an expanding jet of the condensed phase 
portion and the vapor portion from the at least one outlet of the nozzle to the 
tool and a surface of the workpiece. 

1 1 . (Original) A method as in claim 10, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet. 

12. (Original) A method as in claim 11, wherein the at least one diverging 
wall has a diverging angle and the at least one converging wall has a converging angle less 
than the diverging angle. 
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13. (Original) A method as in claim 11, wherein the diverging wall is open 
to an ambient atmosphere. 

14. (Previously Presented) The method of claim 10 further wherein the 
downstream portion of the nozzle has at least one diverging wall open to an ambient 
atmosphere and at least one converging wait adapted to converge on the expanding jet and 
wherein the at least one diverging wall has a diverging angle and the at least one converging 
wall has a converging angle less than the diverging angle. 

15. (currently amended) The A method of claim 1 further comprising the 
step for forming or chap i ng -a workp i eceftav^ - a^sotfaeo hardnooc. comprising tho stops of: 

providing a the tool adjacent the workpiec o, tho too l adaptod to form or 
shape the workp i ooo; 

form i ng - cx^shap i ng - tho woykpioce with th e too l ; and 
incr e as i ng th e surfac e hardness of the workpiooo during form i ng or 
shaping of tho workpioco with tho tool by jotting cryogenic flu i d so that tho jot 
of - th e- cryog e n i c - fluid impingoo on at l oaot a port i on of tho tool at an 
imp i ngomont ang l e -^ o e^ gr - eator-ttian about 30 s and le ss than - about 00* and 
th e n said cryog e n i c fluid i mping es th e workpioco at a cproad angle (p) » 

16. (currently amended) A workpiec© formed or shaped by a method as in 
claim 15 and characterized by an improved surface finish, an improved surface integrity, or 
both an improved surface finish and an improved surface integrit y, wherein said workpiece 
havino a work surface roughness (Ra). wherein the work surface roughness fRa) is equal to 
or less than a theoretical low roughness limit (Ra-tl. calculated as Ra-t=f 2 / (32 r). where f is a 
cutting tool feedrate and_r_ is.a cutting tool nose radius . 
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17. (canceled) A workpiooo as in claim 16, oaid workpiOGO having a work 
surfaoo roughnoos (Ra), wherein tho work ourfaoo roughnoso (RaHs -e qua^o or l e ss tharva 
thoorot i ca l tow roughnooo l i mit (Ha t), calculated as Ra - t^ / (32 r), whore f i s a cutting tool 
foodrato and r is a Gutting too l nooo radiuo. 

18. (canceled) A workp i ooo as in claim 16, wherein the workplace has a 
tefwed or shaped work surfaoo Gharactorizo4 -fey an improv e d r e s i dual stress, sa i d improv e d 
residual otrooo boing more oomprooo i vo, doopor extending, or both more oomprooo i vo and 
d ee per extending than anothor rooidua l otrossthat wou l d b e obtain e d by forming or shaping 
the workpiOGO without i ncreasing th e s urfaco hardness of tho workpiooo during forming or 
shap i ng of tho workpiOGO. 

19. (currently amended) The method of claim 15 A workoioco ao in claim 
4^ wherein the workpiece contains at least one metallic alloy having at least one element 
selected from a group consisting of cobalt (Co), chromium (Cr), molybdenum (Mo), nickel 
(Ni), iron (Fe), tungsten (W), aluminum (Al), and titanium (Ti) or contains at least one oolvmer 
or at least one oolvmer-based composite . 

20. (canceled) A wo i ftp i eoo - ao i n olaim 16, wherein at loast a portion of 
tho wo fk p i oGO to in a form oolOGtod from a group consisting of a ca s t form, wrought form, 
powd e r metal l urgy form, and Gompocito form. 

21. (canceled) A workp i ooo ao in olaim 16, whoroin tho workp i ece 
contains at loast ono polymor or at loaot ono po l ymor baGod oompoGito. 
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22. (canceled) A workpio c o as i n c l a i m 16, wh e r e in the workpiece has a 
formed or shaped work ourfaco characterized by at loast ono of an improvod fatiguo otrongth, 
an improvod fatigue l ife, an improved otrooo cracking resistanc e , and a n improved corrosion 
rosistanoo. 

23. (Canceled) A mothod for machining a workpiece having a surface 
hardness, compr i s i ng - th e steps of: 

providing a cutt i ng tool adjacont tho workpioco, tho cutting too l 
adaptod to chap e th e workp i oco; 

s haping tho workpioco w i th tho cutting too l-a while cool i ng with a 
ef yeg e nio f l uid at -l oast a portion of tho tool, or at l e ast a port i on of the 
workp i oco, or at l oast a port i on of tho too l and-at -J e ast a portion of th e 
workp i ece; and 

inoroaoing tho surfac e hardnoss of tho workp i oco during ohap i ng of tho 

workpioco with the cutting - too l , where i n tho ohapod workpioco ro 

oharaotoriaod by on- i mprov e d surfaco f i n i sh having a work ourfaco roughnoco 
(Ra) equa l to or Iocg than a th e oret i ca l low roughness l i mft -^R a - t^ - cato^atod 
as Ra t - f 2 / (32 r) t wh e re f is a cutt i ng-too l- foodrato and r is a cutt i ng too l noso 

24. (Canceled) A mothod for manufacturing a f i n i sh e d part or a fin i sh e d 
product from a workpioco having a surfaco hardnooo, comprioing tho otopc of: 

providing a tool adjac e nt th e workp i ece, the tool - adaptod to form or 
shape tho workp i oco; 

forming or shaping tho workp i oco with th e too l ; 

i ncreas i ng tho curfaoo - h a rdness of tho workpiece during forming or 
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shaping of tho workp i oco with th e too l by coo li ng with a cryog e n i c f l uid at l e ast 
a - - port i on of the workpioco, or at l east a portion of tho tool and at loast a 
portion of tho workpl a c e ; and 

manufactur i ng th e finished part or tho finished product from th e 
workpioco shaped or formod w i th tho tool wherein th e f i nishod part or tho 
finiohod product io manufactur e d from th e workpiece w i thout us i ng at le ast 
on e add i tiona l oporation noodod by at loast one othor method for 
manufacturing a comparab l e finish e d part or a comparabl e f i nichod product 
which tho othor method forms or s hapos from a com p a r ablo workpio co h aving 
a comparablo ourfaco hardnoGc without i ncreas i ng the comparab le surfaoo 
hardness of tho comparable workpioco during forming or shaping of tho 
comparablo workpi e ce, sa i d at l e ast one additional operation being sel e ct e d 
from a group consisting of gr i nding, polishing, honing, doburring, pooning, 
tumbl i ng, burn i shing, doop rolling, s oft ann e a li ng, soft - mach i ning, soft shaping, 
soft form i ng, and work part c l oan i ng. 

25. (Canceled) A mothod as in claim ai, whoroin tho finichod part or tho 
finiohod product io manufactured from tho workpioco without us i ng at l oast on e addit i onal 
op e ration noodod by at loast ono othor mothod for manufactur i ng a comparablo finichod part 
or a comparablo finichod product which th e other method forms or shap e s from - a 
comparablo workpioco having a com p arable surfac e ■ ha r dn e s s- without inoroaoing tho 
e eroparabl e surface hardnoss o f t ho comparab l o workpioco dur i ng form i ng or shap i ng of th e 
comparable workpkseo, sa i d at l oact ono additional oporation boing ooloctod from a group 
consist i ng of grinding, po li shing, hon i ng, doburring, poon i ng, tumbling, burnishing, d ee p 
roll i ng, soft annoaling, ooft mach i n i ng, soft shap i ng, soft forming, and work part cloaning. 
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26. (Canceled) A finished part or q finiohod product manufactured by a 
mothod as in cla i m 34 and oharactoriaod by a reduc e d manufacturing ooct, oaid roducod 
m anufacturing coot being l ess than a h i ghor manufacturing cost for a comparabl e f i nished 
part or a comparable finiohod product manufactured by at l oaot one other mothod which 
forme or shapes a comparab l e workpioco having a comparable surface hardnoss without 
incroacing the co m parab l o curfac e hardness of tho comparab le workpiece dur i ng forming or 
shap i ng of tho comparob l o workplace. 

27. (Canceled) The method of claim 24 wherein said too l is a cutt i ng toot. 

28- (currently amended) An apparatus for improving at least one of a 
surface finish and a surface integrity of a workpiece formed or shaped with a tool, the 
workpiece having a surface hardhess, comprising means for increasing the surface hardness 
of the workpiece during forming or shaping of the workpiece with the tool, wherein said 
means for increasing the surface hardness of the workpiece during forming or shaping of the 
workpiece with the tool comprises a jet of cryogenic fluid impinging at least a portion of the 
tool at an impingement angle (a) greater than about 30 9 and less than about 90*, and then 
said cryogenic fluid impinges the workpiece at a spread angle (p) wherein the spread angle 
IB) is suc h that the cryogenic fluid impinges at least the entire length of contact between the 
tooLand the workpiece , 

29. (canceled) An apparatuo ao in cla i m 28, wherein the spr e ad a ngle ({3) 
is cuoh that tho cryogenic f l uid i mpingoo at l oa e *-th e e nt i r e le ngth of contact betwe e n the tool 
and the workp i oGO r 



PAGE 11/23 1 RCVD AT 1018/2008 11:08:25 PM [Eastern Daylight Time]* SVR:USPTO-EFXRF-4/6* DNIS:2738300 1 CSID:61 04812407 * DURATION (mm-ss);10«34 



OCT 09 '08 00:28 FR 



6104812407 TO 915712738300 P. 12/23 



Appl. No. 10/809,773 

30. (Previously Presented) An apparatus as in claim 29, further 
comprising a second jet of the cryogenic fluid that impinges on a portion of the tool or a 
portion of a surface of the workpiece. 

31. (Canceled) An apparatus as i n c l aim 30, whoroin tho j e t of the 
cryogonio flu i d impinges on tho portion of tho too l at an i mp i ngem e nt ang le^e^ groator than 
a tout 0 s af)d I ogg than about 90-. 

32. (Canceled) An apparatu s as in cla i m 30, whoroin tho jot of tho 
cryogoniG fl uid i mpingos on tho port i on of tho too l at an impingomont anglo (a) greater than 
about 30* and Iogg than about 90* 

33. (Original) An apparatus as in claim 30, wherein the jet of the cryogenic 
fluid impinges on the surface of the workpiece at a spread angle (P) greater than about 0 9 
and less than about 180*. 

34. (Canceled) An apparotuc for improving at loast ono of a surfaoo f i nish 
and a ourfae e i nt e grity of a workpiooo form e d or shaped with a tool, tho workpiooo having a 
surfaoo hardness, comprising moanG for i ncr e as i ng tho surface -hardnoGS of tho workpioco 
prior to forming or shaping tho workpiooo with tho tool, or prior to and dur i ng form i ng or 
Ghap i ng of the wo rk p i oco with tho tooL 

35. (Canceled) An apparatus as i n cla i m 34, whoro i n tho surfaGO 
hardnocc - of th e workpiooo i o i noroaGod pr i or to form i ng or shap i ng tho workp i ece with tho 
tool by at lea s t ono of a hoat treatm e nt, a chemical treatment, and a moohonioal treatment. 

to 
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36. (Previously Presented) The apparatus of claim 28, said tool is a cutting 
tool comprising a rake face and said at least a portion of the tool is a portion of said rake 
face. 

37. (Original) An apparatus for improving at least one of a surface finish 
and a surface integrity of a workpiece formed or shaped with a tool, comprising: 

a supply of a cryogen; 

a nozzle adjacent the workpiece, the nozzle having 

at least one inlet adapted to receive a fiow of the cryogen, 

an upstream portion in fluid communication with the at least 

one inlet, the upstream portion adapted to receive at least a portion of 

the flow of the cryogen from the at least one inlet, 

a downstream portion in fluid communication with the upstream 

portion and adapted to receive at least a portion of the flow of the 

cryogen from the upstream portion, and 

at least one outlet in fluid communication with the downstream 

portion and adapted to receive and transmit from the downstream 

portion at least a portion of the flow of the cryogen; 

means for delivering a portion of the cryogen to the at least one inlet of 
the nozzle, wherein the cryogen is at least partially separated within the 
downstream portion of the nozzle into a condensed phase portion and a vapor 
portion; and 

means for jetting at least a portion of an expanding jet of the 
condensed phase portion and the vapor portion from the at least one outlet of 
the nozzle to the tool and a surface of the workpiece. 
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38. (Original) An apparatus as in claim 37, wherein the downstream 
portion of the nozzle has at least one diverging wall and at least one converging wall adapted 
to converge on the expanding jet. 

39. (Original) An apparatus as in claim 38, wherein the at least one 
diverging wall has a diverging angle and the at least one converging wall has a converging 
angle less than the diverging angle. 

40. (Original) An apparatus as in claim 38, wherein the diverging wall is 
open to an ambient atmosphere. 

41. (Previously Presented) The apparatus of claim 37 wherein the 
downstream portion of the nozzle has at least one diverging wall open to an ambient 
atmosphere and at least one converging wall adapted to converge on the expanding jet, and 
wherein the at least one diverging wall has a diverging angle and the at least one converging 
wall has a converging angle less than the diverging angle. 

42. (currently amended) The A ft apparatus of claim 37 further fo r forming 
or shaping a workpiQco 4^ avm§ 4 H>UFface hardness, c omprising: 

. a too l adjacent tho workp i ooo, tho tool adapted to form or ohapo tho 
workp la c e ; 

means for forming or shaping the workpiece with the tool-rand 
moano for rnoroacing tho ourfaoo hardness of tho workp i ooo during 
forming or ohaping of tho workpiooo with tho tool whoroin sa i d moans for 
inoroasing tho curfaoo hardnoss of tho workpiooo during form i ng or shap i ng of 
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the workpiece with th e tool comprises a jot of cryogen i c fluid i mpinging at l east 
a portion of the tool at an i mpingem e nt anglp (a) groator than about 30* and 
loss than about 90^ - a i KsMhen said cryogonio f l uid impingos tho workpioco at a 
oproad onglo (P) . 

43. (currently amended) A workpiece formed or shaped by an apparatus 
as in claim 42 said workpiece having a work surface roughness (Ra). wherein the work 
surface roughness (Ra) is equal to or less than a theoretical low rouqhnes? limit (Ra-t) T 
calculated as Ra-tef 2 / (32 r), where f is a cutting_to_ol feedrate and r is a cutting tool nose 
rg^iy gand character i zed by an improv e d surface fin i sh, an improved surface integrity, or botft 
an i mprovod surface f i n i sh and an improv e d surfaco i ntegrity . 

44. (canceled) A workpioco ac in claim 13, sa i d workpi e c e having a work 
Gurfaco roughnoGS (Ra), whoroin tho work surfaco roughnes s (Ra) is e qual to or l ose than a 
theoret i cal low roughness -l im i t (Ra - t), calcu l ated as Ra - tef 3 / (33 r), whoro f is a cutting te et 
f ee drat e and r is a cutt i ng tool noco radiuG. 

45. (canceled) A workp ie co ac in cla i m 13, whO F e i n the workpioco has a 
form e d or shap e d work suffae e- charaotor i zod by an improvod residual stress, sa i d i mprovod 
r e s i dua l stress being mor e compressive, doopor extend i ng, or both mor e compress i ve and 
d ee per e xtendtog tftan another roc i dual ctross that woutel - bo obtained by forming or shaping 
th e workp ie ce - w it hout using a moanG for i ncreasing the surface hardnoGS of tho workpi e ce 
dwfig - forming or ohaping of tho workp i oco. 

46. (currently amended) The A workpiece as in claim 43, wherein the 
workpiece contains at least one metallic alloy having at least one element selected from a 
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group consisting of cobalt (Co), chromium (Cr), molybdenum (Mo), nickel (Ni), iron (Fe), 
tungsten (W), aluminum (Ai) t and titanium (Ti) or contains at least one oolvmer or at least 
one oolvmer-base_d_CQmposite , 

47. (canceled) A - workpi e c e as i n claim 13, whoroin at loaot a portion of 
tho workpiooo io in a form selected from a group cons i sting of a cast form, wrought form, 
powder metal l urgy form, and composite form. 

48. (canceled) A workp ie c e as i n cla i m 43, whoroin tho workpiooo 
oonta i nc afc te ast on e polym e r or at l east on e po l ymer - bas e d composit e . 

49. . (canceled) A -w <^pteG0^ s4 r^<?la i m 43, wher e in th e workpioco haG a 
formed or ohapod work surface oharaotoriaod by at loaot one of an improvod fatigue strength, 
an improv e d fat i gue l ife, an i mproved str e s s- cracking r e sistanc e , and an i mprovod corrosion 
resistanc e . 

50. (Original) An apparatus for machining a workpiece having a surface 
hardness, comprising: 

a cutting tool adjacent the workpiece, the cutting tool adapted to shape 
the workpiece; 

means for shaping the workplace with the cutting tool; and 
means for increasing the surface hardness of the workpiece during 
shaping of the workpiece with the cutting tool, wherein the shaped workpiece 
is characterized by an improved surface finish having a work surface 
roughness (Ra) equal to or less than a theoretical low roughness limit (Ra-t), 
calculated as Ra-tef 2 / (32 r), where f is a cutting tool feedrate and r is a 
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cutting tool nose radius. 

51. (Canceled) An apparatuc for manufacturing a fin i shed part or a 
finishod product from a workp i ooo hav i ng a curfaoo hardnoss, comprising: 

a too l adjaoont the workpiooo, the tool adaptod - to - form or shap e th e 
workp ie c e ; 

moa » G -l o f- forming or shap i ng - tho workp i oco with the too l ; 

moans for i ncreas i ng tho surface hardnossof the workp i oco during 
forming or shaping of tho workpioco with tho tool, whoroin said means for 
i ncroas i ng tho surfaoo hardno s s ^ ottfto - workp i ooo during forming or shaping of 
tho workpioco with tho tool oompricos moans for jotting a cryogen at sa id 
workp i oco or at -e a i d - workpioco and sa i d tool.; and 

m e ans for manufacturing the fin i shod part or tho finiohod product from 
th e workpioco shaped or formed with the tool wh e r ei n tho f i nichod part or tho 
finish e d product i s manufactur e d from the workpioco w i thout us i ng at loast 
one additiona l - operation needed by at lea s t one othor apparatus for 
manufactur i ng a comparable finiohod part or a comparablo finishod product 
which the other apparatus forms or shap e s from - a oomparablo workp i oco 
hav i ng a - "Gomp^bto - s y rf a oo - hardnoss w i thout i ncr e a si ng tho comparab l o 
surface hardnoss of tho comparab l o workp i oco during forming or chap i ng of 
tho coroparab l o-workpiooQ, sa i d at least on e addit i ona l oporation being 
s ele ct e d from a group consist i ng of - gr i nding, polishing, honing, doburring < 
pooning, tumb l ing, burnishing, doop ro l ling, soft annealing, soft machin i ng, 
soft - shaping, soft forming, and work part cleaning. 

52. (Canceled) An apparatuses i n cla i m 51, whoro i n tho finishod part or 
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tho finished product io manufactured from tho workpiooo w i thout using at t oast one addit i ona l 
oporatkm noodod b y at loast ono other app a ratus for manufactur i ng a oomparablo finichod 
part or a oomparablo finichod product which tho othor apparatus forms or shapoo from a 
oomparablo wofk fi tooo- - tov t ng > - a - ■ oomparab l o surfaoo hardness w i thout i noroacing tho 
c e mparoble surfac e hardn es s of th e compafab l o workpiooo dur i ng forming or shaping of th e 
comparable workp i ooo, said at l oast one additiona l op e ration boing oo l ootod from a group 
cons i sting of grind i ng, po l ishing, honing, - dobuning, pe e ning, tumbl i ng, burn i shing, doop 
rolling, ooft annoal i ng, ooft machining, ooft Ghaping, soft form i ng, and work part clean i ng. 

53. (Canceled) A finiohod p a rt - or a finished product manufactured by an 
apparatus as -4 n - ckaiffi - 51 and oharaotorisod by a roduood H manufacturing coot, ca i d roducod 
manufacturing cost boing l oss than a high e r manufactur i ng cost for a oomparab l o f i nished 
part or a oomparablo finichod product manufactured by at least ono othor apparatus which 
forms or shapoo a comparab l e workp ie o e having a oomparablo e wfaoo - hardnosc without 
incr e as i ng th e oomparabl o ourfaco hardnooo of tho oomparablo workplace during forming or 
shaping of tho comparab l o workpiooo. 

54. (Canceled) Th e appa r atuo of c l aim 51 whoroin said tool io a cutting 

tnnl 

55. (Original) A nozzle for jetting an expanding jet of a cryogen to a 
surface of a workpiece, comprising: 

at least one inlet adapted to receive a flow of the cryogen; 

an upstream portion in fluid communication with the at least one inlet, 
the upstream portion adapted to receive at least a portion of the flow of the 
cryogen from the at least one inlet; 
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a downstream portion in fluid communication with the upstream portion 
and adapted to receive at least a portion of the flow of the cryogen from the 
upstream portion; 

at least one outlet in fluid communication with the downstream portion 
and adapted to receive and transmit from the downstream portion at least a 
portion of the flow of the cryogen; and 

means for separating the cryogen at least partially into a condensed 
phase portion and a vapor portion within the downstream portion of the 
nozzle. 

56. (Original) A nozzle as in claim 55, further comprising an internal 
expansion chamber adapted to confine the expanding jet of the cryogen, wherein the nozzle 
is adapted to clamp a cutting tool having a tool rake surface. 

57. (Original) A nozzle as in claim 55, wherein the downstream portion of 
the nozzle has at least one diverging wall and at least one converging wall adapted to 
converge on the expanding jet of the cryogen. 

58. (Original) A nozzle as in claim 57, wherein the diverging wall has a 
diverging angle and the converging wall has a converging angle less than the diverging 
angle. 

59. (Original) A nozzle as in claim 57, wherein the diverging wall is open 
to an ambient atmosphere. 

60. (Previously Presented) The nozzle of claim 55, further comprising an 
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internal expansion chamber adapted to confine the expanding jet of the cryogen, 

wherein the downstream portion of the nozzle has at least one 
diverging wall open to an ambient atmosphere and at least one 
converging wall adapted to converge on the expanding jet of the 
cryogen, and 

wherein the diverging wall has a diverging angle and the 
converging wall has a converging angle less than the diverging angle, 
and 

wherein the nozzle is adapted to clamp a cutting tool having a tool rake 
surface. 

61 . (new) The method of claim 1 , further comprising the step of: 

manufacturing the finished part or the finished product from the 

workpiece shaped or formed with the tool wherein the finished part or the 

finished product is manufactured from the workpiece without using at least 

one additional operation needed by at least one other method for 

manufacturing a comparable finished part or a comparable finished product 

which the other method forms or shapes from a comparable workpiece having 

a comparable surface hardness without increasing the comparable surface 

hardness of the comparable workpiece during forming or shaping of the 

comparable workpiece, said at least one additional operation being selected 

from a group consisting of grinding, polishing, honing, deburring, peening, 

tumbling, burnishing, deep roiling, soft annealing, soft machining, soft shaping, 

soft forming, and work part cleaning. 
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